We begin, however, in the next section, with a short re¨sume¨of the data sets currently held in the system that are available to users.
Although the focus of this paper is on accessibility, we should be mindful that the use of interaction data at the most detailed level has in the past also been constrained by limitations inherent in the data sets themselves, as well as by difficulties confronting users in accessing and extracting meaningful counts. One critical constraint on the use of the 1981 SMS data was the`cascading' of the number of migrants to the next geographical level if the recorded count at one scale failed to reach 25 (Cole and Squires, 1987) . The suppression measures employed by OPCS have similarly limited use of the 1991 SMS Set 2 (Rees and Duke-Williams, 1997) . Indeed, the accuracy of the 2001 Census interaction data will undoubtedly be adversely affected by the decision of the ONS to adjust all small counts so as to prevent disclosure risk (ONS, 2002) .
Interaction data sets from the 1991 and 1981 Censuses
At the present time, the system contains sets of interaction data provided directly from the Census Offices or derived from their original files. The data sets are similar structurally in that they are counts of aggregate origin-to-destination flows, between places of usual residence in the case of migration data, and between places of residence and work in the case of commuting data. In 1991, students were excluded from the migration statistics, although counts of students by parental domicile and term-time residence have been made available in Local Base Statistics (LBS) Table 100. These counts are also accessible from WICID as they involve flows between two locations and, like the other interaction data, are represented as a set of frequency counts measuring either a total number of individuals or a subset of individuals disaggregated according to particular demographic and/or socioeconomic characteristics (sex, age, ethnicity, employment status, mode of travel, etc). The data sets contained in the current version of WICID are summarised in the following three subsections.
1991 Special Migration Statistics: raw and derived data sets
The 1991 SMS were produced in the form of two sets relating to the characteristics of individual migrants or migrant households in the twelve-month period preceding the census. Full details of the organisation and content of the SMS are given by OPCS and the General Register Office for Scotland, [OPCS and GRO(S), 1993a; 1993c] and have been reviewed by Flowerdew and Green (1993) . The measurement concepts, population-coverage, and missing-information issues relating to the SMS (as with the national, regional, and local migration statistics from the Census) have been documented by Rees et al (2002) . SMS Set 1 consists primarily of flows between and within wards in England and Wales and postal sectors in Scotland, together with inflows from a further set of foreign origins, giving a huge matrix of over 120 million potential flows. In fact, there are twelve matrices associated with Set 1 as individual migrant flows are disaggregated into five age groups and sex (SMS 1 Table 1), and there are counts of wholly moving households and residents in wholly moving households (SMS 1 Table 2 ). The same counts in SMS Set 1 are also available in Set 2, which relates to counts of flows between the districts of Great Britain. In addition, there are a further eleven tables, five of which involve disaggregation by age (five-year age groups) and sex, marital status and sex, ethnicity, whether suffering from long-term limiting illness, and economic position (SMS 2 Tables 3^7). SMS 2 Tables 8 and 9 provide counts of wholly moving households by tenure and by sex and economic position of head; SMS 2 Table 10 provides flows of residents of households by sex and economic position of head. There is a separate table of wholly moving households into and within Scotland by tenure (SMS 2 Table 8S), and SMS 2 Table 11 is in two parts, providing inflows only of Gaelic speakers to Scottish districts and of Welsh speakers to Welsh districts.
One important limiting feature of the 1991 SMS 2 data set has been the suppression by the Census Offices of flows of fewer than ten individuals or ten wholly moving households in SMS 2 Tables 4^11, so as to preserve confidentiality. The small size of the areas used means that the large matrices are sparsely populated, and these suppression thresholds result in considerable amounts of potential data in the SMS Set 2 not being released. Rees and Duke-Williams (1995) estimated that 65% of the potential origin^destination district pairs were suppressed and reestimated the flows in SMS 2 Tables 4^10 to account for this (Rees and Duke-Williams, 1997) ; their derived data sets are available in WICID in a data set called SMSGAPS. Subsequent research by Simpson and Middleton (1999) identified further problems of underenumeration associated with the SMS Set 2 data, and further corrections were made to SMS 2 Table 3 (migrants by five-year age group and sex) to account for unrecorded, nonresponding, and misreported migrants. Their reestimations are available in another derived data set in WICID, called SMS-MIGPOP. One further set of derived migration data is currently available in WICID. Permission has been granted by the ONS and GRO(S) for the system to hold a sample set of aggregate migration counts from the 1991 Census which have been blurred to preserve confidentiality. This data set is included in order to enable unregistered users to explore how the information system operates, and to be able to get first-hand experience of extracting and downloading real data.
As indicated previously, the migration question in the 1991 Census did not capture the`temporary' movement of students from their place of usual residence (parental domicile) to the schools, colleges, and universities they were attending. However, the term-time residence of this population subgroup was recorded and a special table, Table 100 , was created as part of the LBS series of tables and this contains counts for each local authority district of their subpopulations both of domestic (LBS Table 100a ) and of international (LBS Table 100b ) students during term time, crossclassified by parental domicile or place of usual residence. These subpopulations are important components in the preparation of midyear subnational population estimates (ONS, 2001) . Both parts of the LBS Table 100 are available from WICID.
1991 Special Workplace Statistics
The SWS derive from two questions in the 1991 Census about place of usual residence and place of work, and there are three sets of tables overall. SWS Set A provides counts of employed and self-employed by usual residence, whereas Set B contains similar counts by workplace. Because Sets A and B relate only to origins and destinations, respectively, they are not included in WICID. The counts that are included are those from SWS Set C: some 274 counts of origin^destination flows held in nine tables. There are counts of commuters by economic position, hours worked, family position, distance to work, mode of transport to work, car availability, occupation, social class and socioeconomic group, and industry division. The quality of the workplace statistics is compromised by the inaccuracy of the postcode-processing system (Cole et al, 2002) , but because the data were obtained from a 10% sample, problems of adjustment to preserve confidentiality are not encountered and users can have access to the raw counts in each of the tables through WICID.
1981 reestimated special migration and workplace statistics
Sets of raw SMS and SWS data were generated from the 1981 Census on a similar basis to those from the 1991 Census. In this case, SMS Set 1 comprised 104 variables for individual migrants in four tables and 64 variables for wholly moving households in two tables. Flows of five different types were available: within wards, from wards to districts, from districts to wards, from outside Great Britain to wards, and from`origin not stated' to wards. Confidentiality constraints imposed on the data meant that, if the number in the count in any one of the categories failed to reach 25, the flow was`cascaded' up to the next geographic level. This procedure created significant problems when attempting to extract meaningful information. The 1981 SMS Set 2 were slightly less geographically complex than the 1991 SMS Set 1, with separate counts of males and females migrating within each ward and between each pair of wards, but the flows were not subject to adjustment or thresholding. Those completing the 1981 Census form were also asked to record the place of work of those persons aged 16 years or over who were in a job in the week prior to the census. As in 1991, a 10% sample of census forms was used to generate the 1981 SWS Sets A, B, and C, details of which can be found in OPCS and GRO (S) (1993b; 1993d) .
Although they are available, WICID does not currently contain any of the raw interaction flow data created from the 1981 Census. In order to enable comparisons to be made between 1981 and 1991, it provides access to sets of 1981 flow data that have been reestimated to be consistent with the ward polygons used in 1991. The 1981 SMS Set 2 and SWS Set C data sets have been reestimated by means of a methodology of modelling 1981 ward-level flows (approximately 10 000 2 cells) for 1981 enumeration districts (EDs) to produce a series of matrices of 130 000 2 cells (Feng and Boyle, 2001 ). An iterative procedure was used to constrain the intra-ED and inter-ED flows to match the known intraward and interward flows for 1981. Thereafter, point-inpolygon techniques were used to assign 1981 EDs to 1991 wards, and the 1981 flows between 1991 wards were then calculated through aggregation of intra-ED and inter-ED flows. One table of ward-level SMS migration flows for 1981 is available in WICID, and contains counts of males and females. In addition, the system provides access to five tables of reestimated ward-level 1981 SWS Set C data, containing 170 variables of male and female commuters by mode of travel, social class and socioeconomic group, occupation order, industry division, and age.
It has been argued, most recently by Rees et al (2002) and Cole et al (2002) , that social science investigations of migration and commuting behaviour have been limited by the size and complexity of these extensive census small-area data sets. This is not to suggest a complete absence of studies: the SMS have been used to analyse migration change in Britain as a whole (Champion, 1994; Champion and Atkins, 1996) and Scotland in particular (Williams et al, 1999) , for example, and important work has been undertaken on the definition of functional areas (Coombes et al, 1982) and on the environmental implications of travel to work (Frost et al, 1997) with the aid of the SWS. However, research based on simultaneous use of both the SMS and the SWS, such as the comparison of migration and commuting flows in Hereford and Worcester (Flowerdew and Boyle, 1992) , is much less commonplace.
Interface requirements
There now exist some excellent web-based interfaces to data sets from the census of population and other sources. One example is CASWEB (http://census.ac.uk/casweb/), which provides access to UK Census Area Statistics and related information from the 1991 Census in the form of counts of persons and households for various geographical units. CASWEB has been developed by the Census Dissemination Unit (CDU), which forms part of the Manchester-University-based MIMAS service. Another example is NOMISWEB (http://www.nomisweb.co.uk/), which gives online access to the most upto-date and detailed labour-market data produced from official sources, and is run by the University of Durham. Both CASWEB and NOMISWEB are similar in that they are primarily based on stock variables: that is, counts or values relating to specific geographical areas which can be aggregated easily to large spatial units. Interaction flow data are more complicated, not only because two sets of geographical areas (origins and destinations) are involved and because the size of the matrices can be very large, but also because of the problem encountered when flow counts are aggregated. Whereas the population of London can be derived as the sum of the populations of its constituent boroughs, the total migrants arriving in the capital city is not equivalent to the sum of the in-migration flow of each borough because of the flows that occur between boroughs within London. The above features of interaction data sets suggest that they are conceptually more difficult to manipulate than stock information, and thus need to be handled by more technically sophisticated software.
In the construction of WICID a number of key requirements have had to be taken on board. First, given the overall aim of encouraging further use of the interaction data sets, it was fundamental to provide a user-friendly interface, facilitating query building, quick data extraction, and simple downloading of files containing interaction flows in common formats for analysis in other software packages. The simplicity of the interface and the ease with which subsets of data could be extracted was considered to be of paramount importance, especially as one key group of potential users identified was students taking undergraduate and taught postgraduate modules. A second and related requirement was the provision of a library containing popular data subsets and their associated predefined queries, together with a facility allowing users to store their own customised queries and to retrieve those created previously and saved in their own workspace on the server. Each of these features was regarded as being conducive to simplifying the user's role where possible, yet providing clear guidance.
The third requirement was the need to provide a system that was flexible in the sense that new data sets, such as the 2001 Census data, could be added as they became available without having to undertake any major system redesign. The creation of a generic framework of metadata files embracing all the information components within the system has been particularly important in this context. Further detailed explanation of the metadata framework is found in Duke- . Flexibility was also an important criterion behind the fourth requirement of the system öthe development of a simple method for the selection of relevant geographical areas. As mentioned previously, an extraction system for interaction data has to consider dual geographies both of flow origins and of destinations. In its simplest form, this might involve the facility to select matching sets of origin and destination areas at one spatial scale. The complexity is introduced when we attempt to provide users with the option of selecting nonmatching sets of origins and destinations at any one spatial scale, and also to build queries involving origins and destinations selected from different geographical levels. Furthermore, a system was required which would handle immigration flows from overseas and flows from unstated origins, and which would allow intra-area flows to be identified, and included or excluded optionally, in a way which users could understand, particularly when these flows involved persons living and working at the same location.
As well as providing the option of flexibility in the selection of geographical origins and destinations, another critical requirement of WICID was that it should assist users by providing alternative methods to aid users in selecting the variables required. One approach to presenting the variables to the user was through the use of the familiar OPCS/ONS published table structure; an alternative approach was to present users with a list of all variables contained in all tables, thus allowing users to specify the variable in which they were interested. In addition, it was considered important to allow users to create their own specific`derived variables' from those that had been initially selected. Thus, for example, users of the five-year age-group data in the 1991 SMS Set 2 would be able to select all the age groups and subsequently, within the query construction process, derive their own aggregations of age groups to fit their particular requirements.
In addition, whilst ensuring system security and preventing unauthorised users from extracting data from sets for which they are not registered, it was deemed useful in the interests of promoting accessibility to create an open system that allowed unregistered users to explore the system and its data contents before registration. With this in mind, a sample set of migration data was included from the 1991 Census, which involves persons moving within and between districts where the flows have beeǹ blurred' to preserve confidentiality.
The WICID system has been constructed from a number of linked software components, including a web server (Apache), a database-management system (PostgreSQL), and an application language (PHP). All the software components are freely available, permitting redistribution of the entire WICID system (but not the actual data sets) without licensing difficulties to other public or private organisations anywhere in the world who might want to provide access to their own interaction data sets across the Internet in a similar manner. We turn our attention in the next section to explaining the interface itself and describe some of its query-building features in particular.
Features of the WICID interface
The CIDS homepage can be found at http://census.ac.uk/cids/. The Census Registration Service (CRS) at the UK Data Archive has developed a new one-stop-shop registration system which uses Athens Single Sign On. New users of the census interaction data must register with the CRU and obtain personal ATHENS userids and passwords to login to WICID. After the login procedure, the WICID interface guides the user through stages to select, extract, and download subsets of data at spatial scales that correspond with the resolution of the data sets. There are links available on the Welcome page to information about the data sets and existing queries, and to facilities that enable users to examine what is available in the library or to produce short summaries of total flows for a selected zone. However, a user wanting to construct or edit a query must click on the link to the General query interface.
Query construction
Query construction in WICID involves two parts, each of which must be completed before the data extraction can go ahead. First, the user has to make a selection of zones that will comprise the sets of origins and destinations of interest. Second, the user must select the items or variables to be extracted. The two parts are referred to as Geography and Data and, as depicted in figure 1, a traffic-light metaphor is used to indicate the status of a query. Both parts can be completed in any order and can be revisited at any stage in the construction procedure. When each part has been prepared satisfactorily (as far as the system is concerned), both traffic lights should be green, and it becomes possible for the user to proceed to the extraction phase by clicking on the Output link. Figure 1 shows the structure of the interface. The top part on the left contains the links to the CIDS and WICID homepages; on the right there are two lines of links that identify how far the user has progressed in the current session and that allow the user to access the main pages of the query interface, the output pages, a summary of the current query, and the facility to load or save queries at any time in the session. Beneath these links is a line containing the user's login name together with a link to activate logout. The Help link is found also on this line, adjacent to a Feedback link which provides an opportunity for the user to provide comments on the system or to post questions. Typically a user might begin by selecting the zones that will constitute either the origins or the destinations. In the first instance, there are three selection methods available: Quick selection of all areas in a particular geography; Type-in-box selection, where the user inputs either the name or the OPCS code of the area; and List selection in which the user selects particular areas from a list. Once the selection method has been chosen, it is necessary to fix the geography used in the selection process by highlighting the scale required from a list of geographies available (figure 2). The columns on the left-hand side contain asterisks that indicate the particular data sets for which it is possible to obtain data at each spatial scale. Thus, for example, all the data sets can be used to extract data for the ten GB standard regions of Great Britain, but only 1991 SMS 1, SMS 2, and SMSGAPS will provide data for ninety-eight foreign origins. Once a chosen geography has been highlighted and clicked, the user has the option to confirm or alter this selection before progressing on to type in the name or code in the box provided when an individual zone is being defined, or to tick boxes for a number of zones when the list-selection method is operational. When selecting from long lists, such as counties, districts, or wards, the user may find it useful to reformulate the listing arrangement to facilitate selection by clicking the Change number of areas shown per page link and altering the layout settings.
Once a set of origins has been selected and confirmed, the Copy selection tool may be used to create a matching set of destinations or vice versa. However, WICID allows the selection of different geographies of origin and destination and the formulation of queries involving the selection of zones at different spatial scales. Thus it is possible to identify a single origin, say a ward, and a set of destinations including other wards in the locality, surrounding districts, or counties within the region, and other regions. Furthermore, an advanced list-selection facility is available which can be used for selecting all the areas at one spatial scale that fall within one or more areas identified at a higher spatial scale, for example, all the wards in the district of Leeds. Once the origin and destination selections have been made, they can be extended or modified using the Edit link.
A similar set of selection tools are available to assist the user in formulating the data-selection part of the query. Quick selection allows certain total-interaction variables to be selected; Select by data set and table gives the user the opportunity of choosing variables from tables for particular data sets as described in OPCS documentation; and Select by variable helps the user to select variables from a list of all those available. So, for example, the Select by data set and table route presents the user with a list of potential data sets (figure 3) from which one set can be selected. Information about each data set is available by clicking the circular information icon. Figure 4 illustrates the format of the interface page that appears when 1991 SMS Set 2 is selected, and figure 5 exemplifies the format of one table (SMS Set 2 Table 4öAll Figure 3. The WICID data selection page. migrants by marital status and sex), after its selection. Variable selection is undertaken by ticking the appropriate boxes, including row and column sums if required, and clicking on the Add selected cells button to invoke the selection. Once the variables have been selected, it is possible to amend the selection by adding or removing variables or by creating derived variables from those already selected. In the case both of geography and of data selection, it may be noted that the selection tools react to previous decisions so that incompatible choices are impossible. For example, if a set of zones has been selected at ward scale, the user would not be offered data available only at district or higher level geographies when making the selection. When the origin and destination zones and the data variables have been selected, the traffic lights should both have turned to green and the next phase of data extraction can be undertaken.
Data extraction and downloading
Before WICID extracts the data values relating to a query, it provides the option of refining the query further by including or excluding certain types of interaction. Different filtering mechanisms are available for different data sets. Thus, when extracting data from the 1991 SWS Set C, for example, it may be important to consider a special category of individuals who both live and work at home. These so-called`homeworkers' are coded separately, and the user is required to decide whether or not to include these counts with the intrazone values. Once this additional filter has been set, the user can invoke extraction. The system undertakes validity checks on the query to ensure that the required data fields can be extracted for all the required geographies and that the user has permission to use the required data set. The data-extraction code then enters a series of loops that generate SQL statements that subsequently perform the data extraction from the database, as explained in detail in Duke- . Extraction may take some time, depending on the size and complexity of the query as well as the state of the network and the server. Once extraction is complete, the user decides the form of output required by working through the sequence: plan, preview, and produce. It is necessary for the user to think carefully about the format of the output in the first instance. WICID provides a number of options to support output planning. These include the choice of matrix or pairwise listing format for output layout, HTML or comma-separated variable format for output format, and options to include zone labels, sequence numbers, or OPCS codes when output is subsequently displayed on the screen or downloaded. The Preview button on the planning-output page enables the user to observe extracted data for the first five origins and destinations and, when the layout is satisfactory, the extracted data can then either be displayed on the screen or downloaded to a file. The first option is available only for relatively small zone systems. Once the data have been downloaded, the user can save or edit the current query, construct another query from scratch, or logout of the system.
Using WICID: some example queries
This section of the paper contains three examples that are designed to demonstrate different types of query constructed to extract information for subsequent analysis in three alternative contexts. In each case, the query summary is presented and the data extracted are illustrated to assist interpretation.
Flows of migrants to Cardiff
The first example demonstrates the concept of nonmatching origins and destinations where sets of origin areas are identified at different spatial scales. The query is constructed to answer the simple question: where did migrants to Cardiff come from in the twelve-month period prior to the 1991 Census? As indicated in figure 6, thirty-three origin zones have been identified, comprising the other seventeen districts in South Wales, the remaining four Welsh counties, the nine other regions of Britain plus Northern Ireland, together with the Irish Republic and a residual, overseas, origin category. The data source in this instance is the 1991 SMS Set 2, and figure 7 illustrates in map form the magnitude of the flows of total migrants that have been selected. This example demonstrates the value of multiscale data extraction.
Interregional movement of students between usual and term-time residences
Our second example is based on data contained in LBS Table 100 , the classification of school children and students by usual residence and term-time address in 1991. LBS Table 100 indicates that of the 9.3 million schoolchildren and students usually resident in Great Britain in 1991, approximately 7.9 million had term-time addresses in England, 0.5 million in Wales, and 0.9 million in Scotland. Moreover, a further 77 000 individuals were recorded as having term-time addresses in Great Britain but parental domiciles elsewhere, of whom 66 500 were studying in England, 2500 in Wales and 8000 in Scotland. These macrofigures provide some context within which to consider flows between regions within Great Britain and to identify whether different regions showed different levels of self-containment in their domestic student populations in 1991. The summary of the WICID query shown in figure 8 indicates the selection of a matching set of ten region origins and destinations for which counts of males and females aged 10^15, 18^24, and persons aged 5 years and over are extracted. The query makes use of the facility within WICID to create derived variables as aggregates of base variables available in the data sets; thus the category`male 10^15', for example, is created as an aggregate of the single-year-of-age counts from LBS Table 100a .
Initial examination of the matrices shows that, whereas intraregional flows for the younger age group (10^15 years) reflect a similar gender balance to that of the general population, the interregional flows show a marked excess of males over females, indicating the higher proportions of males attending boarding schools. In the case of the older age group (18^24 years), the ratio of males to females is close to parity for most flows, both intraregional and interregional, reflecting the gender equality of participation in higher education. Table 1 shows the net balances by standard region of interregional transfers between residential and term-time addresses, together with associated population counts from 10^15 years, we would expect the number recorded in LBS Table 100a to be very close to the total population as measured in the SAS as virtually all children of that age will have been attending school. Table 1 confirms that the numbers in LBS Table 100a and  SAS Table 2 are very similar. In the case of the older group, the population total in LBS Table 100a is smaller than that in SAS Table 2 , reflecting the proportion of that age group who are students. The data suggest that Yorkshire and Humberside has a large overall gain of students and schoolchildren aged 5 and over; that is, those whose term-time address is in Yorkshire and Humberside and whose parental domicile is outside the region exceeds by over 10 000 those whose parental domicile is in the region but whose term-time address is elsewhere. The South East turns out to be the major net loser on this indicator. It is assumed that most interregional net imbalances are the result of relatively long-distance moves to higher education (HE) colleges and universities, as the major part of the overall net balance is attributable to those aged 18^24 years. Although some short-distance`cross-border' movements will be associated with schoolage children, it is reasonable to surmise that these will tend to balance out, especially at a regional scale.
For some regions, the signs of the net flows are the same across the columns in table 1: regions such as the North and Yorkshire and Humberside gain students in all age/sex groups, whereas those that lose, such as the South East and the North West, do so for all groups. Other regions have a less consistent pattern. For example, the South West has a net gain of school-age children, but a net loss of HE-age students, probably because of the limited provision of HE facilities in the region. Such analysis is aided by the use of the complete interregional matrices from which the values in table 1 were computed, but which are not shown in full in this example. The flow matrix indicates that the South East loses to all other regions; that the South West loses students to all regions except the South East; and that Yorkshire and Humberside gains students from all regions except Scotland öwhich has traditionally been fairly self-contained in this respect.
Social structure of commuters in Leeds
The third example involves a more elaborate query focused on the more local scale of Leeds wards and surrounding districts. Data from the 1991 SWS Set C are used to explore the variation in geographical patterns of Leeds commuters according to social class and gender. The questions underpinning the query (figure 9) are as follows: How many people were commuting to work in Leeds in 1991? What was the gender division of this mobile population? What proportion were moving between wards and within wards? How many flows were taking place between Leeds wards and those adjacent local authority districts that make up the catchment area? What proportion of flows have city-centre or university destinations? What is the social structure of these commuting flows? What geographical patterns are evident in the commuting flows to Leeds by social class? What variations exist between wards in the social class and gender complexions of commuting flows into central Leeds?
According to the LBS, the usually resident population of Leeds Metropolitan District on Census day 1991 (extracted from CASWEB) was over 680 000. The 10% SWS Set C data extracted from WICID allow us to estimate that 219 530 people moved between and within the thirty-three wards contained within the district boundary (figure 10). Of these flows 50.6% were males and 49.4% were females. Over three quarters of the daily movement taking place occurred between wards, with only 21.6% involving intraward journeys. Around 46% of the flows between wards were into the two central wards of City and Holbeck and University from other wards in the city. In addition to these intradistrict journeys, flows between Leeds and elsewhere were also important, particularly the surrounding districts of Harrogate and Selby in North Yorkshire and the adjacent metropolitan districts of Bradford, Calderdale, Kirklees, and Wakefield. Whereas outflows from Leeds to these surrounding areas involved 30 950 individuals, 58 090 people commuted into Leeds, creating a net daily gain in Leeds of around 27 500 people. Together, the flows within Leeds and between Leeds and its surrounding districts involved approximately 308 200 people whose social class structure (figure 11) was dominated by those in the class II (managerial and technical) and class III(NM) (skilled nonmanual). Commuters in class III(M) (skilled manual) and class IV (partly skilled) were significantly higher in volume than those in class I (professional) and class V (unskilled). The social structure of the net flows of commuters between Leeds and its surrounding districts (table 2) demonstrates that the absolute number of net commuters reflect the same social structure, but the proportions of different social groups vary significantly between the origins. Harrogate, for example, has much higher proportions of those in social class I and II; Kirklees and Selby have more skilled nonmanual workers; Bradford and Wakefield generate more skilled nonmanual and partly skilled commuters; and the net commuting flow from Calderdale contains the highest proportion of unskilled workers.
In order to expose the geographical variation in the social class composition of the commuters to central Leeds and its surrounding districts, class-specific interpolated surfaces were created with the aid of MapInfo ( figure 12, over) . The height and shading of each surface at any point represent the proportion of the total flow that is in each social class. These visualisations emphasise how Harrogate and the wards of north Leeds, as well as certain inner-city wards, have high proportions of professional and managerial commuters, whereas wards to the south and in the inner city in particular have high proportions of partly skilled and unskilled commuters. The surfaces for skilled nonmanual and manual proportions are less peaked and indicate the highest proportions in those wards between the inner city and the outer suburbs, especially on the south side of the city centre.
In addition to the significant variations that are apparent in the social structure of commuting flows to central Leeds from other wards and surrounding districts, there are also variations in the gender composition. Figure 13 south of Leeds which generates relatively low proportions of commuters in social classes I and II and relatively high proportions in social classes III to V. Distinct gender differences are evident in social class III categories, with females dominating the nonmanual and males predominant in the manual classes. Pudsey South is an example of a ward to the west of the city centre that has an intermediate location between the inner city and the outer suburbs. In this case, the relative magnitude of commuters defined as managerial and skilled nonmanual is larger than that from Hunslet, and the male bias both in professional and in managerial groups is evident. A sharp contrast exists between the social and gender composition of the commuting flows to central Leeds from the district of Wakefield in the south and that of Harrogate to the north. As with Pudsey South, inflows from Wakefield show a predominance of skilled nonmanual workers, a high proportion of whom are female, and also a relatively large number of managerial workers. Commuters from Harrogate, on the other hand, tend to be in the higher social class categories and males predominate in all social classes, including skilled nonmanual.
Conclusions and future developments
The Census Interaction Data Service (CIDS) is now available to users wanting to extract subsets of data from the 1991 SMS and SWS and data sets derived from them, as well as counts from LBS Table 100 . In addition, flows from the 1981 Census that have been reestimated to 1991 geographical zones are also available to allow comparative analyses to be carried out. WICID, the customised information system that has been developed to provide Internet access to these data sets can be accessed at the CIDS website. In this paper we have explained how the web interface may be used to construct queries and to extract and download data subsets. Different methods of selecting geographies and variables have been outlined and some examples of alternative types of query have been used to demonstrate that query building is quick and easy. One key aspect and major advantage of the system is the facility for identifying and extracting interaction flows for nonmatching origin and destination areas that can be selected at different spatial scales. The metadata structure underpinning the WICID system has been designed specifically to provide flexibility in terms of the inclusion of new data sets and work is already underway in preparation for the 2001 Census data. The 2001 Origin^Destination Statistics will include flows for Northern Ireland for the first time, and the proposed table layouts specified by ONS, GRO(S), and the Northern Ireland Statistics and Research Agency (ONS et al, 2001 ) appear to follow the structure of previous tables [OPCS and GRO(S), 1993a; 1993b; 1993c; 1993d) ]. However, the geographies for the 2001 Census will be different from those which have been in use since 1991. The separation of collection and output geographies, as explained by Martin (2002) , has resulted in the creation of a new set of output areas for the whole of the United Kingdom which will be more numerous than 1991 enumeration districts and will relate closely to the unit-postcode geography. Although most of the Census 2001 interaction tables are due to be produced at ward or district level, it is proposed that at least one table in the SWS (Special Commuting Statistics in Scotland) will contain counts of workers (and students or schoolchildren in Scotland) by method of travel to work (study) (ONS et al, 1999; 2000) . The small size of these areas means that the dimensions of the matrices and the number of cells will be very large and the problem of sparsity will be accentuated. The design of the WICID interface and the procedures for query construction are under continuous revision as users identify problems and as the development team makes ongoing improvements. A Help system is available which contains detailed guidance for users on every procedure and page of the system. It is clear, however, that a number of major developments of the system are required, in addition to the inclusion of the 2001 data. One particular requirement is the provision of an alternative approach to the selection of geographical areas. Our experience of using WICID with groups of students in the classroom suggests that it would be very advantageous to develop a map-based method of geographic area selection. Users in general, and student users in particular, tend to be unfamiliar with the names, codes, and locations of geographic areas, especially at ward level. Consequently it becomes imperative to be able to show geographical units at different spatial scales in map form so that users can quickly identify the areas which they wish to select, perhaps using a`point and click' tool. The implication of this is that the system will need to store sets of digital boundary data and to incorporate algorithms (in Java) that will support interactive mapping and area selection.
Another potential extension of the system involves the development of procedures to analyse the subsets of data that are extracted from the system. Recent work on the development of indicators of internal migration (Bell et al, 2002) suggests the way in which value can be added to raw counts of migration-flow data through the computation of migration-intensity indicators and measures of migration effectiveness or concentration. Similar sets of measures might be developed for commuting flows, although the concepts of`population at risk' that are used in migration analysis are not easily transferable to data on commuting from usual residence to place of work. On the other hand, measures of average trip distance and the frictional effect of distance on interaction flows that can be derived from the application of mathematical or statistical modelling (Stillwell and Congdon, 1991) are equally applicable to migration and commuting data. The challenge in this context is to incorporate these analytical methods into WICID and to provide users with a toolbox of measures that can be used in an interactive way through the interface to explore the data in more detail and to maximise its utility, whilst at the same time being aware of the limitations inherent in various descriptive or model-based indicators. One of the implications of developments such as these will be the requirement to capture, store, and maintain in the database additional data sets consisting essentially of population stocks and geographical distance measurements, to extend the metadata structure to support these data sets, and to develop the interface facilities with which users would interact. These challenges are amongst the longer term goals of the project team.
